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known source of true mechanics—celestial mechanics—then there appears to be no difficulty in explaining the heat-energy stored chemically in the dissociation of elements, as due to simple gravitation between mass-particles. It is just as probable that the density of such related particles is many millions of times greater than the densities of matter familiar to human discernment as it is that molecular dimensions and distances should be many millions of times smaller. It is the wide range in densities thus opened before us, as we deal with more and more finely subdivided mass, which makes it possible to explain even the energy of radium, which embodies a million times the energy of an equal mass of oxygen and hydrogen, in terms of mechanical energetics. Similarly, the explanation of the heat-energy stored in the physical disgregation of matter in vaporization or fusion is still easier, for the amount of energy stored per unit of aggregate mass is much less. If it should happen that not all of the vast range of dimensions which the above figures show to be open to the imagination is necessary for the explanation, so much the better. If it should happen, too, that the dimensions, densities, etc., which are requisite for the mechanical explanation of heat do not immediately fit the estimates which have been drawn from other considerations, the discrepancy is for the physicists to explain. The doctrines of the Newtonian mechanics, and of heat as a mode of motion and separation within mass, are both of them now too broadly founded in scientific experience for them to bend easily to meet other empiricisms which may be discrepant therewith.*
A second intention of these statements of enormous ratios is to impress upon the rnind the fact that the solid forms of matter with which the mechanics of engineering is chiefly concerned
*The writer wishes to repeat and emphasize here the caution which appears in the preface, that these statements are not to be regarded by the student as coming from one who has investigated molecular activities at length in the physical laboratory. They are founded merely upon the premises which have been frequently repeated throughout the work, as appertaining to the whole—the Newtonian mechanics and the doctrine that heat and work are one. But, in oral discussion of these matters with those who are entitled to speak as physicists, he has frequently met the objection stated, that it was impossible to explain the gigantic forces and energies of molecular mass mechanically. But in every case, upon investigation, it has developed that this position has been based upon some quite unwarranted and limiting assumption—such as this that molecular mass must b" of densities similar to mundane density—which is in reality gratuitous and unnatural. It is to show that such assumptions are not only needless, but groundless, that this argument has been inserted.